Background: Perceived stress may be a modifiable risk factor for mild cognitive impairment (MCI) and ultimately dementia, but studies on this topic from low-and middle-income countries (LMICs) are lacking. Objective: We assessed the association between perceived stress and MCI in six LMICs (China, Ghana, India, Mexico, Russia, and South Africa) using nationally representative data. Methods: Cross-sectional, community-based data on individuals aged ≥50 years from the World Health Organization's Study on Global Ageing and Adult Health were analyzed. The definition of MCI was based on the National Institute on Ageing-Alzheimer's Association criteria. A perceived stress score (range 0 [lowest stress] to 10 [highest stress]) was computed based on two questions from the Perceived Stress Scale. Multivariable logistic regression analysis was conducted to assess the association between perceived stress and MCI. Results: The mean (SD) age of the 32,715 participants was 62.1 (15.6) years and 51.7% were females. After adjustment for potential confounders including depression, in the overall sample, a one-unit increase in the perceived stress score was associated with a 1.14 (95% CI = 1.11-1.18) times higher odds for MCI. The association was similar among those aged 50-64 and ≥65 years. Countrywise analysis showed that there was a moderate level of between-country heterogeneity in this association (I 2 = 59.4%), with the strongest association observed in Russia (OR = 1.33, 95% CI = 1.15-1.55). Conclusion: If our study results are confirmed in prospective studies, addressing perceived stress may have an impact in reducing the risk for MCI and subsequent dementia in LMICs.
Introduction
Globally, dementia is one of the major causes of disability and impaired autonomy in the older adult population and a source of significant burden to economic and social systems [1] . Current estimates project that 46 million people may be living with this condition worldwide, and as the consequence of global aging, this figure is projected to nearly triple by 2050 [2] . However, at present, there are no truly disease-modifying treatments for dementia. Thus, there is an increasing emphasis on the identification of modifiable risk factors for conditions known to predict the ultimate emergence of dementia as a means to develop interventions aiming to prevent or delay the onset of dementia. Specifically, mild cognitive impairment (MCI) is considered to be a preclinical transitional state of dementia [3] , with a high conversion rate to dementia (12, 20 , and 50% at 1, 3, and 5 years, respectively [4] ), for which targeted interventions may be possible.
Currently, there is growing interest in the association between perceived stress and subsequent cognitive decline [5] . Perceived stress is defined as a consequence of events or demands that exceed an individual's perceived ability to cope [6] , and could be a modifiable risk factor for MCI/dementia [5] . For example, a longitudinal population-based study conducted in the U.S. showed that baseline perceived stress is associated with a faster rate of cognitive decline [7] . Some researchers have suggested that the high prevalence of dementia among older African Americans may be attributable to high levels of stress related with low socioeconomic status and discrimination throughout the life course [8] . Another small U.S. study found that stressful life events are associated with higher risk for conversion from MCI to dementia [9] . It has been hypothesized that stress may lead to cognitive decline through mechanisms such as dysregulation of hormones (e.g., cortisol) and increased production of proinflammatory cytokines which can impair the neural structure and function implicated in cognitive performance [5] . Alternatively, the Cognitive Health and Environment Life Course Model posits that environmental, demographic, lifestyle, and genetic factors are moderated by diseases risk factors such as stress and cardiometabolic risk factors, which in turn are associated with medical conditions (e.g., depression, diabetes, and cardiovascular diseases) that can increase the risk for cognitive decline [10] . However, there is a glaring paucity of studies on the association between perceived stress and MCI. To the best of our knowledge, there is only one U.S. study which specifically focused on the association between perceived stress and MCI [11] . This community-based prospective study found that higher levels of stress (per 5-point increase in the Perceived Stress Scale) are associated with a 1.30 (95% CI = 1.08-1.58) times higher risk for incident amnestic MCI among individuals aged ≥70 years (n = 507). Although this study provided insight into the stress-MCI relationship, it was conducted in only one location, while the sample was derived from a single high-income country. Thus, it remains unclear whether the results from this study can be generalized to other age groups or populations, including the general population of low-and middle-income countries (LMICs).
Examining the potential modifiable risk factor for MCI/dementia is particularly important in LMICs as the speed of aging in LMICs is superseding that of high-income countries [12] and among people with dementia, the proportion of those residing in LMICs is expected to increase from the current rate of 58 to 68% by 2050 [2] . Furthermore, the rapid increase in cardiovascular diseases, obesity, diabetes, and hypertension observed in this setting may give rise to a parallel increase in the incidence and prevalence of dementia, as these conditions have been reported to increase the risk for dementia [2] .
Perceived stress is an important risk factor to investigate in this setting as poverty is widespread in LMICs, and it is possible that people in LMICs are experiencing higher levels of stress or different types of stress compared to people in high-income countries because of the multitude of distress linked to poverty and social inequality (e.g., food insecurity, adverse working conditions, financial strain). Furthermore, the rapid and drastic changes in the economic and social landscape occurring across many LMICs, including globalization and urbanization, may also be contributing to increasing levels of perceived stress among people in this setting. Thus, the aim of the current study was to assess whether perceived stress is associated with MCI independent of known risk factors for MCI among adults aged ≥50 years using nationally representative data from six LMICs included in the WHO Study on Global Ageing and Adult Health (SAGE).
Methods

The Survey
Data from SAGE were analyzed. These data are publicly available through http://www.who.int/healthinfo/sage/en/. This survey was undertaken in China, Ghana, India, Mexico, Russia, and South Africa between 2007 and 2010. These countries broadly represent different geographical locations and levels of socioeconomic and demographic transition. Based on the World Bank classification at the time of the survey, Ghana was the only low-income country and China and India were lower middle-income countries, although China became an upper middle-income country in 2010. The remaining countries were upper middle-income countries.
Details of the survey methodology have been published elsewhere [13] . In brief, in order to obtain nationally representative samples, a multistage clustered sampling design method was used. The sample consisted of adults aged ≥18 years with oversampling of those aged ≥50 years. Trained interviewers conducted face-toface interviews using a standard questionnaire. Standard translation procedures were undertaken to ensure comparability between countries. If a respondent was unable to undertake the interview because of limited cognitive function, a separate questionnaire was administered to a proxy respondent. These individuals were not included in the current study. The survey response rates were 93% for China, 81% for Ghana, 68% for India, 53% for Mexico, 83% for Russia, and 75% for South Africa. Sampling weights were constructed to adjust for the population structure as reported by the United Nations Statistical Division.
MCI (Outcome)
MCI was ascertained based on the recommendations of the National Institute on Aging-Alzheimer's Association [14] . We applied the identical algorithms used in previous publications using a dataset with the same survey questions to identify MCI [15, 16] . Briefly, individuals fulfilling all of the following conditions were considered to have MCI:
(a) Concerns about a change in cognition. Individuals who replied "bad" or "very bad" to the question "How would you best describe your memory at present?" and/or those who answered "worse" to the question "Compared to 12 months ago, would you say your memory is now better, the same or worse than it was then?" were considered to have this condition.
(b) Objective evidence of impairment in one or more cognitive domains was based on a <-1 SD cutoff after adjustment for level of education, age, and country. Cognitive function was assessed through the following performance tests: word list immediate and delayed verbal recall from the Consortium to Establish a Registry for Alzheimer's Disease [17] , which assessed learning and episodic memory; digit span forward and backwards from the Weschler Adult Intelligence Scale [18] , which evaluated attention and working memory; and the animal naming task [17] , which assessed verbal fluency.
(c) Preservation of independence in functional abilities. It has been stated that people with MCI may have mild problems in performing complex tasks such as paying bills or shopping, but they generally maintain their independence of function in life with minimal aid or assistance [14] . Thus, this was assessed by questions on self-reported difficulties with basic activities of daily living in the past 30 days [19] . Specific questions were "How much difficulty did you have in getting dressed?" and "How much difficulty did you have with eating (including cutting up your food)?" The answer options were none, mild, moderate, severe, and extreme (cannot do). Those who answered either none, mild, or moderate to both of these questions were considered to have preservation of independence in functional activities. All other individuals were removed from the analysis (935 individuals aged ≥50 years).
(d) No dementia. Individuals with a level of cognitive impairment severe enough to preclude the possibility to undertake the survey were not included in the current study. Specifically, the decision for noninclusion was based on the Informant Questionnaire on Cognitive Decline in the Elderly [20] .
Perceived Stress (Exposure)
In line with previous publications [21, 22] , we assessed perceived stress in the last month with the use of two questions which were taken from the Perceived Stress Scale [23] . This validated scale has been widely used to measure perceived stress worldwide. The questions asked were "How often have you felt that you were unable to control the important things in your life?" and "How often have you found that you could not cope with all the things that you had to do?" The answer options to these questions were "never" (score = 1), "almost never" (score = 2), "sometimes" (score = 3), "fairly often" (score = 4), and "very often" (score = 5). As in a previous study which used the identical questions to measure perceived stress [22] , we conducted factor analysis with polychoric correlations to incorporate the covariance structure of the answers provided for individual questions measuring a similar construct. The principal component method was used for factor extraction, while factor scores were obtained using the regression scoring method. These factor scores were later converted to scores ranging from 0 to 10, with higher values indicating higher levels of perceived stress. We also used the two individual questions with the original five answer options in some analyses.
Control Variables
The analysis adjusted for a number of potential confounders which have been reported to be linked with both MCI and perceived stress [11, 16, 22] . These included sex, age (years), years of education, wealth quintiles based on country-specific income, depression, and number of chronic conditions. Questions based on the World Mental Health Survey version of the Composite International Diagnostic Interview were used for the endorsement of DSM-IV depression (online suppl. Table 1 ; for all online suppl. material, see www.karger.com/doi/10.1159/000492177). The number of chronic physical conditions was based on ten conditions (angina, arthritis, asthma, cataract, chronic lung disease, diabetes, edentulism, hearing problems, hypertension, and stroke), assessed by self-report of diagnosis, symptoms, interviewer observation, or blood pressure measurement (online suppl. Table 2) .
Statistical Analysis
Statistical analysis was performed with Stata 14.1 (StataCorp LP, College Station, TX, USA). The analysis was restricted to those aged ≥50 years. We included the middle-aged in this analysis because assessment of cognitive function and its risk factors at earlier ages is important for prevention of dementia since cognitive dysfunction appears up to 10 years before the actual dementia diagnosis [24] , and there is burgeoning evidence base that intervening in midlife is crucial [25] . We conducted multivariable logistic regression analysis to assess the association between perceived stress (exposure) and MCI (outcome). Using the continuous variable on perceived stress ranging from 0 to 10 as the exposure variable, we conducted hierarchical analysis that examined the effect of including different covariates in the model using the overall sample (i.e., age ≥50 years). Specifically, we constructed a total of five models: model 1 -adjusted for sex, age, and country; model We also conducted age-stratified analysis (50-64 and ≥65 years) as the risk factors of MCI may differ between midlife and late life [16] . Since a previous study showed that there may be differences in the hypothalamic-pituitary-adrenal axis response to stress between males and females [26] , we also tested whether sex is a moderator variable in the association between perceived stress and MCI by including a product term (sex × perceived stress) in the model using the overall sample. We also conducted countrywise analyses using the sample including all individuals aged ≥50 years. In order to assess the between-country heterogeneity that may exist in the association between perceived stress and MCI, we calculated the Higgins' I 2 based on estimates for each country. The Higgins' I 2 represents the degree of heterogeneity that is not explained by sampling error, with a value of < 40% often considered as negligible and 40-60% as moderate heterogeneity [27] . A pooled estimate was obtained by random-effects meta-analysis based on countrywise estimates. Finally, we also assessed the association between the two individual questions on perceived stress with the original five answer options and MCI using the overall sample with multivariable logistic regression.
The regression analyses were all adjusted for sex, age, years of education, wealth, depression, and number of chronic physical conditions apart from models 1-4 in the hierarchical analysis. The analyses apart from the countrywise analysis were also adjusted for country using fixed-effects models by including dummy variables for each country. All variables were included in the models as categorical variables, with the exception of age, years of education, number of chronic physical conditions, and the perceived stress scale ranging from 0 to 10 (continuous variables). Less than 3.5% of the data were missing for the variables used in the analysis. Complete-case analysis was done. The sample weighting and the complex study design were taken into account in the analyses. Results from the regression analyses are presented as ORs with 95% CIs. The level of statistical significance was set at p < 0.05.
Results
The final analytical sample comprised 32,715 individuals aged ≥50 years with preservation of functional abilities. The overall prevalence (95% CI) of MCI was 15.3% (14.4-16.3%). Sample characteristics are presented in Table 1. Overall, the mean (SD) age was 62.1 (15.6) years and 51.7% were females. Russia had the highest proportion of females, years of education, and number of chronic conditions. The prevalence of MCI increased linearly with Data are weighted column percentages unless otherwise stated. a Perceived stress was based on a scale ranging from 0 to 10, with higher scores corresponding to higher levels of stress. increasing levels of perceived stress, with prevalence ranging from 11.3 to 30.9% between those with the lowest (score 0-< 2) and highest (score 8-10) levels of stress (Fig. 1) . After adjustment for age, sex, and country, a oneunit increase in the level of perceived stress (range 0-10) was associated with a significant 1.18 times higher odds for MCI. The sequential inclusion of potential confounders slightly attenuated the association between perceived stress and MCI, but this association remained significant even after adjustment for all potential confounders (OR = 1.14, 95% CI = 1.11-1.18) (model 5) ( Table 2 ). This association was the same in both age groups (i.e., 50-64 and ≥65 years) ( Table 3) . No significant interaction by sex was observed in the overall sample. There was a moderate level of between-country heterogeneity in this association (Higgins' I 2 = 59.4%), the strongest association being observed in Russia (OR = 1.33, 95% CI = 1.15-1.55) (Fig. 2) . Finally, analyses based on the two individual questions on perceived stress showed that greater frequency of perceived stress is associated with higher odds for MCI (online suppl. Table 3 ). Specifically, the highest frequency (very often) of perceived stress was associated with 3.66 or 3.85 times higher odds for MCI compared to the lowest frequency (never). Data are odds ratios (95% confidence intervals). Models are mutually adjusted for all variables in the respective columns and countries. a Perceived stress was based on a scale ranging from 0 to 10, with higher scores corresponding to higher levels of stress.
c p < 0.01, d p < 0.001. Data are odds ratios (95% confidence intervals). Models are mutually adjusted for all variables in the respective columns and countries.
a Perceived stress was based on a scale ranging from 0 to 10, with higher scores corresponding to higher levels of stress. b p < 0.05, c p < 0.01, d p < 0.001. 
Discussion
In our study, we found that perceived stress is associated with MCI after adjustment for various potential confounders, including depression, in six LMICs which collectively comprise nearly half of the worldwide population [13] . Perceived stress was similarly associated with MCI in both the middle-aged and the older population. A moderate level of between-country heterogeneity in the association was observed, the association being most pronounced in Russia. The strength of the study includes the large sample size and the use of nationally representative samples from six countries. Furthermore, to the best of our knowledge, our study is the first to examine the association between perceived stress and MCI in LMICs, while it is also the first multicountry study on this topic as well as the first study focusing on middle-aged individuals, for whom the importance of targeted interventions are increasingly being recognized. Given that MCI is often considered as a prodromal stage of Alzheimer's dementia and that perceived stress may be a modifiable risk factor, investigating this association is important to provide information that can serve as a basis for preventive interventions.
Our study results are in line with the only study to date which specifically reported a heightened risk for MCI among elderly with higher levels of perceived stress in the U.S. [11] . Perceived stress has been associated with poor cognitive performance in other studies, but these were not specifically on MCI [7, 28] . Furthermore, while not specifically on perceived stress or global life stress, related factors such as childhood adversities [29] , workrelated stress [30] , and stressful life events [31] have been related with increased risk for cognitive decline or dementia.
The fact that the potential confounders assessed in our study including wealth, depression, and chronic physical diseases had very little influence in the association between perceived stress and MCI and that perceived stress remained strongly associated with MCI even after adjustment for all potential confounders point to the possibility that the association may be partly explained by physiological factors. Although our study lacked data on physiological factors, hypothetically, stress may exert its negative effects on cognition through several physiological pathways pertaining to the central nervous, neuroendocrine, and immune systems. In terms of the neuroendocrine pathway, prolonged elevation of cortisol, which is a hypothalamic-pituitary-adrenal axis response to chronic stress, may increase risk for stress-related cognitive decline. This response can lead to alterations in brain structure and function in the prefrontal cortex, hippocampus, and amygdala [32] . The hippocampus in particular is fundamental for memory and is viewed as the initial site of the neuropathology of Alzheimer's disease [33] . Stress can potentially also increase the production of proinflammatory cytokines [34] , which may increase vulnerability to neuropsychiatric disorders, including depression and dementia [35, 36] . Finally, animal studies have shown that stress may directly cause neuropathology associated with dementia, such as synaptic loss [37] and increased levels of β-amyloid and phosphorylated tau [38] . The reason why a moderate level of between-country heterogeneity in the association between perceived stress and MCI was found is unknown. However, the variation may be attributable to the sociohistorical conditions that are unique to each country. For example, the particularly strong association in Russia may be related with high levels of societal distress due to the collapse of the Soviet Union and subsequent high levels of smoking, alcohol consumption, depression, and deterioration of the health care system [39] . Future studies should assess how environmental and society-related factors may affect the stress-MCI relationship.
Interventions to relieve stress at the population or community level are generally lacking, particularly in LMICs. However, some individual-level interventions have been developed and have largely focused on cultivating mindfulness [40] , though a few interventions have adopted a more cognitive approach [41] . Apart from psychotherapeutic interventions, other methods of stress reduction may entail the promotion of physical exercise [42] and possibly engagement in certain types of leisure activities [43] . Structural changes at the macro level to alleviate poverty and to address inequality, neighborhood safety, or unemployment may also help reduce stress in LMICs.
The study results should be interpreted in the light of several limitations. First, some individuals with mild dementia may have been included in our analytical sample owing to the fact that the study was not designed to make clinical diagnoses of dementia. However, it is reassuring that the prevalence of MCI in our study was within previously reported figures [44] . Second, there is currently no consensus in terms of the acceptable level of functional impairment that individuals with MCI may present. We used a conservative definition for preservation of independence in functional abilities, which has been used in previous publications [15, 16] , so as not to exclude MCI cases with disability not related with their cognitive ability. It is possible that the results may differ slightly depending on the definition used. Third, due to data availability, we were only able to use an abridged version of the perceived stress scale, which may differ in terms of validity and reliability compared to the original scale. Furthermore, although the original perceived stress scale was designed to be sensitive to chronic stress [23] , it is possible that our abridged version does not necessarily reflect stress of a chronic nature. Given that chronic stress is considered to be important in the etiology of dementia, future studies should consider measures of perceived stress that take chronicity into account or assess how cumulative stress across the lifespan is associated with MCI/ dementia. At least our analysis on the frequency of stress, which may correlate with chronicity to a certain extent, showed that greater frequency of stress is associated with MCI in a dose-dependent fashion. In addition, we were unable to assess the influence of poor health care and some lifestyle factors (e.g., alcohol consumption) in the association between MCI and perceived stress due to lack of data or availability of only crude measures. Finally, since this was a cross-sectional study, causality cannot be inferred. It is possible that eroding cognitive acuity in MCI may lead to higher levels of perceived stress. However, a previous longitudinal study showed that MCI is unlikely to precede perceived stress [11] . Specifically, this longitudinal study found that increasing levels of perceived stress at baseline were found to increase the risk of future onset of amnestic MCI in individuals without amnestic MCI or dementia at baseline. Furthermore, in the same study, the authors assessed whether the association between perceived stress and amnestic MCI would be greatest for times closest to the assessment of perceived stress. This was done as under the reverse causality hypothesis, it would be expected that the association between amnestic MCI and perceived stress would be strongest for times closest to the assessment of perceived stress. However, a completely opposite result was found where the association was stronger after 3 years of follow-up. Furthermore, under this hypothesis, Perceived Stress Scale scores should increase prior to onset of MCI, but the overall change in the linear slope for the Perceived Stress Scale score was not significantly different from zero, while there were no differences in the Perceived Stress Scale score slopes between those who did and did not develop MCI.
In conclusion, our study results suggest that perceived stress might be a modifiable risk factor for MCI and subsequent dementia in LMICs. Our cross-sectional study can serve as a platform for future longitudinal studies to assess temporal associations. If confirmed in longitudinal and intervention studies, low-cost interventions designed to alter responses to stress might be a viable strategy to reduce the onset of cognitive decline and subsequent dementia in LMICs.
